Bottle gourd is an important cucurbit crop worldwide. To provide more available molecular markers for this crop, a bioinformatic approach was employed to develop insertion-deletions (InDels) markers in bottle gourd based on restriction site-associated DNA sequencing (RAD-Seq) data. A total of 892 Indels were predicted, with the length varying from 1 bp to 167 bp. Single-nucleotide InDels were the predominant types of InDels. To validate these InDels, PCR primers were designed from 162 loci where InDels longer than 2 bp were predicated. A total of 112 InDels were found to be polymorphic among 9 bottle gourd accessions under investigation. The rate of prediction accuracy was thus at a high level of 72.7%. DNA fingerprinting for 4 cultivars were performed using 8 selected Indels markers, demonstrating the usefulness of these markers.
Introduction
Bottle gourd or calabash [Lagenaria siceraria (Mol.) Standl.] (2n = 2x = 22), also known as opo squash or long melon, is diploid belonging to the genus Lagenaria of the Cucurbitaceae family with a genome size of~334 Mb (Beevy and Kuriachan, 1996; Achigan-Dako et al., 2008) . Bottle gourd is believed to originate from Africa and independently domesticated in Africa and Asia 10 000 years ago (Erickson et al., 2005) . Today, bottle gourd has a wide range of distribution and application all over the tropics (Heiser, 1979 (Heiser, , 1989 Erickson et al., 2005) . Fresh fruit of bottle gourd is a common vegetable in many regions of Asia and Africa (Morimoto and Mvere, 2004) ; dry fruits can be used as containers, pipes, floats, music instruments, for medicine, artistic endeavors, etc (Heiser, 1979) . Bottle gourd is also widely used as the rootstock for watermelon to defend soil-borne disease and low soil temperature (Lee, 1994; Yetisir and Sari, 2003) .
Molecular markers are indispensible for genetic research (McCouch et al., 1997; Joshi et al., 2001; Nagaraju et al., 2002; Ni et al., 2002) . Popular classical DNA markers include restriction fragment length polymorphism markers (RFLP; Botstein et al., 1980) , amplified fragment length polymorphism markers (AFLP; Vos et al., 1995) and simple sequence repeat markers (SSR; Tautz, 1989) . With the advances of high-throughput sequencing technology, new generation of DNA markers has been emerging. Among them, singlenucleotide polymorphisms (SNPs) and insertions-deletions polymorphisms (InDels) markers are the most promising in that they are reliable, genome-distributed and highly abundant. Unlike SNPs, for which genotyping still needs special equipment and the cost is high, InDels marker analysis can be performed with ordinary PCR thermocyclers and agarose gel electrophoresis systems. By far InDels marker has been developed and successfully applied in wheat, rice, Arabidopsis, Brassica rapa and many other agricultural crops (Hayashi et al., 2006; Raman et al., 2006; Hou et al., 2010; Liu et al., 2013) .
DNA marker resources for bottle gourd are still limited, until now most of markers published in limited studies are random amplified polymorphic DNA (RAPD) markers and inter simple
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Available online at www.sciencedirect.com The journal's homepage: http://www.journals.elsevier.com/horticultural-plant-journal sequence repeats (ISSR) markers (Decker-Walters et al., 2001; Morimoto et al., 2006; Bhawna et al., 2014; Srivastava et al., 2014) . In our laboratory, Xu et al. (2011) developed 400 SSR markers through partial sequencing of the bottle gourd genome. Recently, RAD-Seq technology was applied to a bottle gourd F2 population for developing SNP markers (Xu et al., 2014) . RADSeq is one of the next-generation sequencing (NGS) method that sequencing the DNA only flanking specific restriction enzyme sites to produce a 'complexity reduction' genome resources, which ligated an adapter containing multiplex identifiers (MIDs) in the reduced-representation libraries (RRLs) (Miller et al., 2007) . This set of RAD-Seq data also provides an opportunity for developing InDels markers by mining sequence variations between the parental lines. The objective of this study was to identify InDels polymorphisms between the female parent 'Hangzhou Gourd' and the male parent 'J129' to develop InDels markers. To our knowledge, this is the first report of InDels marker development in bottle gourd. These markers will be valuable for genetic research and breeding of bottle gourd in future works.
Materials and methods

RAD-Seq data source
The RAD-Seq data of two bottle gourd cultivars 'Hangzhou Gourd' and 'J129' previously generated in the authors' lab (Xu et al., 2014) were used in this study. 'Hangzhou Gourd' is a landrace collected from Southern China, and 'J129' is also a landrace collected from Northeast China. These two cultivars were sequenced using Illumina HiSeq 2000 (Majorbio Pharm Technology Co., Ltd, Shanghai) in 2013. The sequencing volume is 2 105 562 reads for 'Hangzhou Gourd' and 3 038 816 reads for 'J129'.
Bioinformatic methods
Raw sequence reads of 'Hangzhou Gourd' and 'J129' were trimmed to 85 nucleotides from the 3′ end to ensure more than 90% of the nucleotides have a quality value above Q30 (equals 0.1% sequencing error) and more than 99% above Q20 (equals 1% sequencing error). Reads of low quality, including those shorter than 85 bp after trimming or with ambiguous barcodes, were discarded (Xu et al., 2014) . To detect InDels polymorphisms, a four-step procedure was used: (1) The sequences were clustered based on EcoR I recognition sequence at one side of each read using Ustacks under default parameters (Catchen et al., 2011 , Stacks package, http://catchenlab.life.illinois.edu/stacks/). Sequences from different samples were discriminated by barcodes; (2) The stacks of 'Hangzhou Gourd' and 'J129' were compared in a pairwise way allowing no gap using Cstacks. Only 1 bp mismatch was allowed in this step; (3) The other end (containing no EcoR I recognition sequence) of reads were clustered based on the above stacking results, then the reads from each cluster of each sample were assembled by Phred under default parameters (Ewing and Green, 1998) ; (4) The contigs generated from each sample were aligned by blat (Kent, 2002 ; https:// genome.ucsc.edu/FAQ/FAQblat.html), and the putative InDels loci were identified based on the blat results using an inhouse PERL script. The criteria for blat results filtering were: gap number = 1; maximum mismatch = 1 bp.
InDels marker development
Primer 3 (Untergasser et al., 2012 ) was used to design PCR primers based on the flanking sequences of predicted InDels loci. The length of primers was set to 17-22 bp. The annealing temperature (Tm) was set to between 55°C and 60°C.
Marker validation
InDels marker validation was performed on 9 bottle gourd accessions, which were 'Anji Gourd', 'Zhepu 2', 'Zhepu 8', 'J129', 'Hangzhou Gourd', 'Puxian Gourd', 'Ningbo Yekaihua', 'Nanxiu Gourd', and 'Niutuipu'. Genomic DNA was extracted from young leaves of two-week old seedlings using the DNA extraction kit (TIANGEN Co. Ltd, Beijing), following the manufacturer's instructions. Polymerase chain reaction (PCR) was performed in a volume of 12.5 µL containing 10-20 ng of template, 2.5 pmol of each of the primers, 2.5 nmol of each of the dNTPs, 18.6 nmol MgCl2, 0.1 U Taq DNA polymerase and 1 × PCR buffer. The PCR profile included 1 cycle of 94°C 3 min, 35 cycles of 94°C 30 s, 55-60°C (depending on the primers) 40 s and 72°C 40 s, and a final extension at 72°C for 5 min. The PCR products were separated in 8% non-denaturing polyacrylamide gels (Acr:Bis = 19:1) at room temperature with 1 × TBE buffer and visualized by silver staining (Bassam et al., 1991) .
DNA fingerprinting with InDels markers
Eight InDels markers amplifying clear bands (BID039, BID046, BID052, BID089, BID096, BID105, BID122, BID137; Table 1 ) were selected to construct DNA fingerprints for 4 bottle gourd cultivars, which are 'PS79-1', 'Peel Round Gourd', 'Nanxiu Gourd' and 'Shaoxing Long Melon'. Each sample was genotyped with 8 InDels markers and the PCR products were resolved on polyacrylamide gels.
Results and discussion
InDel detection
Using the current bioinformatic approach, 892 putative InDels were identified between the genomes of 'Hangzhou Gourd' and 'J129'. The length of the insertion-deletion of these InDels ranged from 1 bp to 167 bp and showed a remarkable skewed distribution. Overall, these InDels fell into 45 types according to InDel length, with 68.3% being single-nucleotide, 13.6% two-nucleotide, 3.5% three-nucleotide and 2.5% fournucleotide InDels (Fig. 1) . Thirty-four types of InDels had less than 5 members, and 19 types with large insertion-deletion (>30 bp) have only 1 individual. Compared to the case in B. rapa and maize where InDels detection is based on genome resequencing data (Liu et al., 2013 (Liu et al., , 2015 , the InDels distribution pattern here is similar, suggesting that small insertiondeletion variations are more common than larger ones in plant genomes.
Experimental validation of InDels polymorphisms
To validate the fidelity of the predicted InDels, we designed PCR primer pairs for all the 162 putative InDels with the insertion-deletion size longer than 2 bp. PCR was performed for 9 bottle gourd accessions including 'Hangzhou Gourd' and 'J129', the InDels discovery parents. Eight primer pairs failed to amplify in each of the nine accessions, and the rest all amplified clear bands in all 9 cultivars, giving a technical success rate of 95%. Of the 154 primer pairs with successful amplification, 42 primer pairs (27.3%) gave monomorphic results and 112 primer pairs (72.7%) revealed identifiable polymorphisms among the 9 accessions (Fig. 2) . The primer pairs with monomorphic bands between 'Hangzhou Gourd' and 'J129' demonstrated that they were not truly derived from InDels regions. We also noted that all the 20 predicted InDels with the insertion-deletion size > 33 bp fell into this group, indicating that prediction of larger InDels is less accurate. Among the primer pairs showing polymorphisms, the total allele number in the 9 accessions detected per primer pair ranged from 2 to 5 (Fig. 2) . More than half (62 markers) of the primer pairs amplified bi-allelic products ('J129' and 'Hangzhou Gourd' allele, respectively) and about one-third (40 markers) generated tri-allelic products (plus either the heterozygous allele of 'J129' and 'Hangzhou Gourd' or a novel allele). The 112 polymorphic InDels markers therefore will be useful for genetic research and molecular marker assisted breeding in bottle gourd.
Fingerprinting of 4 cultivars using the InDels markers
As an example showing the application of the InDels markers, DNA fingerprints of 4 cultivars were constructed using 8 selected InDels markers. These 8 InDels markers were selected according to their amplification performances in the nine accessions, each being able to reveal at least 3 allelic polymorphisms. As shown in Fig. 3 , each cultivar was readily distinguishable from the others based on at least one diagnostic marker. For example, 'PS79-1' and 'Peel Round Gourd' were clearly distinguished by the polymorphic bands amplified by BID052; 'Nanxiu Gourd' had a unique low-molecular weight band amplified by BID096, and 'Shaoxing Long Melon' had two unique bands amplified by BID046 and BID137, respectively. In addition, compared with SSR markers in bottle gourd (Lu et al., 2012) , these InDels markers amplified less and more specific bands, rendering them more reliable for germplasm identification. Indeed, the marker BID046 has been successfully used for hybrid seed purity inspection in the author's lab (data not shown).
